Of late years, the author has carried out studies on the mechanism of chromosomal changes taking place in the hepatic cells of rats in the course of the hepatoma formation by the application of o-Aminoazotoluene. A broad and exact knowledge of the somatic chromosomes of rats, parti cularly in the hepatic cells, is needed before inquiring into this subject, and this need has led the author to take up this study.
The present study deals with the chromosomes in the tissue cells of various organs of foetal rats, and the chromosome complexity in the re generating liver of adult rats following partial extirpation.
Since they are favourable material for cytology, the chromosomes of rats have been investigated by many authors (cf. Makino's list, 1951) . However, most of these studies have been carried out on cells of the germ line, and only a few have dealt with the somatic chromosomes (Allen 1918 , Painter 1928 , Swezy 1928 , Ishibashi 1935 , Beams and King 1942 , Biesele 1944 , Sato 1950 , Tanaka 1950 .
Here it is the author's pleasant duty to acknowledge his great indebtedness to Professor Sajiro Makino for his kind guidance and sug gestion given during the course of this work.
Material and methods
The albino rats (Rattus norvegicits) of the Wistar strain constituted the material for the present study. They have been inbred in our animal colony with special care.
For the study of the chromosomes of embryonic tissus cells, the pieces of various organs, such as liver, brain, spleen, heart, kidney, bone marrow, lung and amnion, derived from foetal young were employed after fixation.
The somatic chromosomes of adult rats were investigated in the re generating liver following partial hepatectomy. The full-grown rats, 100 to 150gm in body weight, were kept starved for about 24 hours before operation.
After being anaesthetised, they were subjected to partial removal of liver; the median and left lateral lobes of the liver, as much as 40 percent of the total, were removed.
The animals were sacrified 1) Contribution No. 290 from the Zoological Institute, Faculty of Science, Hokkaido University, Sapporo, Japan.
at various intervals, such as 20 hours, one, two, three, four and five days, after operation.
Most of the preparations used for study were prepared according to the author's new squash method (Tanaka 1951) . In addition, the usual paraffin method was applied, after the fixation of tissues with Flemming's, Champy's, Benda's, Navashin's, Allen-Bouin's, and Komuro's solutions, and subjected to the Heidenhain's ironhaema toxylin staining method.
Observations

Chromosomes of the embryonic cells
The chromosome numbers of the albino rats (Rattus norvegicus) have been reported to be 42 in diploid and 21 in haploid by many authors in the study of germ cells (cf. Makino's list, 1951) . In the present study the somatic chromosomes were observed in the tissue cells of various organs in the foetal rat. Mitotic figures were frequently observable in tissue cells derived from the liver, spleen, brain, lung, heart, bone-mar row and amnion.
The number of dividing cells decreases with the age of the embryo. Generally, the cells of the heart, lung and kidney are small in diameter, while those of the liver, amnion and spleen are larger. Sometimes one can find very large cells in the brain and bone-marrow tissues. Table 2 , the number of mitotic cells shows a gradual increase from the early period (about 5 to 20 hours after operation) continuing towards the middle period (about 42 to 50 hours after operation) of the liver restoration. The frequency curve of the mitotic rate forms high peaks through the middle period and runs downwards the latter period of the restoration (about 72 to 90 hours after operation).
Based on the same preparations as used for the study of the mitotic rate, the number of chromosomes in the regenerating liver was also studied in the process of restoration.
Results appear in Table 3 showing the variation and frequency of chromosome numbers.
Reference to this table indicates that the number of chromosomes widely varies between two extremities, 36 for the smallest extremity and 89 for the largest (39) (40) (41) . It is noticeable however that the cells showing the basic number, 2n=42, are highest in frequency.
In the total of 1165 cells under study, 340 cells showed the basic number of 42. The cells with other chromosome numbers are very few in occurrence. The daily rate of the cells having 42 chromosomes tends to increase gradually with time after the operation.
It is 34.8 percent in the material 24 hours after operation, 29.8 percent in the 48 hours material, 41.5 percent in the 72 hours material and 44.8 percent in the 96 hours material.
In spite of a wide variation, the frequent chromosome numbers here obtained seem to be grouped into three ranges, namely the numbers rang ing from 36 to 46, 59 to 68, and 78 to 89. Among them, cells having 36-46 chromosomes are most frequent in occurrence and those with 79 to 89 chromosomes follow next. The evidence is more clearly understood by ating liver, and further that those cells increase i n number through the middle part of liver restoration continuing towards th e latter part. Thi s seems to be an indication that the hepatic cells sho wing the chromo some numbers quite approximate to the basic number (42) take a sig nificant part in the regeneration of the liver.
Mitotic abnormalities
In addition to the numerical aberration of the chromosomes , the foll owing mitotic abnormalities were found in both the embryonic and restoring liver cells: stickiness and coalescence of chromosomes , lagging and non-disjunction of chromosomes (Fig . 15) , irregular distribution of chromosomes at anaphase (Fig. 47) , scattering or displacement of chromo somes from the metaphase plate (Figs . 42 and 46) , formation of restitu tion nucleus and multinucleate cells (Fig . 43) , and multipolar mitosis (Figs. 43 and 47) . All of these abnormalities are similar in morphological nature to those found in tumor cells of ascites sarcoma of rats Yosida 1951, Makino and Kano 1951) . Stickiness of chromosomes and lagging or unequal distribution of chromosomes at anaphase may result in the production of the nuclei in which some chromosomes are absent, or in which extra chromosomes are added to the basic number.
The origin of the subtetraploid cells may be explained in connection with the formation of the restitution-nucleus or the fusion of two diploid nuclei. It is most probable that the multipolar division gives rise to the multi-nucleate cell.
The multipolar division may also participate directly or indirectly in the cause of the numerical change of the chromosomes.
In the hepatic cells, a binucleate condition is not uncommon . The frequency of binucleate cells was observed in both the embryonic and regenerating adult livers. Preliminary investigation showed that the frequency of binucleate cells in the normal liver was given as about 27 percent for young rats, 15 percent for grown rats and 17 percent for old rats.
Further, the frequency of the binucleate cells was preliminary observed in the livers undergoing restoration after the partial extirpation. The data given in Table 5 indicate that the binucleate cells are more 
Discussion
The results of the present investigation indicate that, though there are a wide variation of the chromosome numbers together with many mitotic abnormalities, the cells containing the chromosome numbers quite approximate to the basic number of 42 contribute primarily to the growth of the embryonic liver in the foetal rats, or to the restoration of the adult rat liver after the partial extirpation. The process of growth or restoration is thus due to division of the hepatic cells having the subdiploid chromosomes.
Some authors have claimed that the method of proliferation is amitotic (Milne 1909 , Munzer 1923 , Jacobj 1925 , Clara 1931 , Szittyay 1937 . In the present study evidence of amitosis has never been observed in either the growing embryonic liver or the restoring adult liver.
Recently, the variation of chromosome numbers in somatic cells has attracted attention of animal cytologists. Timonen (1951) , Timonen and Therman (1950), and Therman and Timonen (1950) studied the chromo somes in adult and embryonic human material, establishing that the cells displayed a great range of variation in chromosome numbers. According to them the chromosome numbers vary from four to about one hundred, the highest peak lying at 20-25 chromosomes and a much lower one at 45-50 chromosomes. Earlier, Hance (1917) observed the somatic chromo somes in various tissue cells of embryonic pigs and reported that the chromosome numbers showed a wide variation ranging from 40 to 74. Andres and Jiv (1936) observed the chromosome numbers in various embryonic human tissues and found them to vary between 32 and 73. Therman and Timonen (1951) stated that the question of how the varia tion in the human somatic chromosome number originally arises is as yet open. But, they supposed that the original zygote given rise to the organism contained 48 chromosomes, and further, that the embryo which has arisen from it has in its cells variable chromosome numbers and combinations.
Furthermore, they concluded that the question of whether or not the occurrence of lagging chromosomes and other observed mitotic disturbances are able to bring about this variation is not clear on the present evidence. Hance (1917) accounted for the increase of the chromo some number as being due to the fragmentation of chromosomes, based on the evidence that the total length of the chromosomes remained constant. Andres and Jiv (1936) said that the deviation from the diploid chromosome number may be attributable to non-disjunction and fragmen tation of chromosomes, restitution of nucleus , somatic reduction, synkaryogamy and polypolar division. Turnig to the present case , the author is uncertain as to what the actual mechanism affecting the varia tion of the chromosome numbers in rats is. Makino and Yosida (1951) , and Makino and Kano (1951) considered that various mitotic abnormalities occurring in the tumor cells of ascites sarcoma of rats may contribute as direct causes to the variation of the chromosome number. Similar kinds of mitotic abnormalities have been found in the somatic cells of rats too. However, the author is not sure whether the similar assumption is applicable to explain the present evidence.
As described in the foregoing pages, the frequent chromosome num bers occuring regenerating rat liver are grouped into the following three ranges: the diploid range (36-46 chromosomes), the triploid range (59-68 chromosomes), and the tetraploid range (78-89 chromosomes).
The fact that these three groups of cells are frequent in occurrence is important and significant in connection with the performance of the mitotic activity of cells. Probably the inner balance between the nucleus and cytoplasm, which is necessary for the regular function of cells, remains satisfactory in these cells (cf. Makino and Kano 1951) . The most satisfactory inner balance must be held in the cells of the diploid range since they are outstandingly high in frequency.
The cells of the tetraploid range follow next with their low frequency, suggesting a less favourable inner balance. Biesele, Poyner and Painter (1942) described in the enbroynic mouse liver a method of doubling chromosome numbers and size of nuclei with out breakdown of the nuclear wall which they belived to be endomitosis. In the present study the author has never observed evidence of emdomitosis in either embryonic or restoring rat livers; and therefore, he cannot support the theory of endomitosis as the usual mechanism by which doubling of chromosome numbers arises. Further, Biesele (1944) reported the diploid, tetraploid and octoploid cells to occur in regenerating rat liver, but the author has failed to find the octoploid cells.
Summary
The present paper deals with the chromosome study in various tissue cells of rat embryos and these in the regenerating liver of adult rats after partial extirpation.
The number of chromosomes displays a wide range of variation between 36 and 89 in both cases. Most frequent among them are the cells of the normal diploid complex having 42 chromosomes. The frequent chromosome numbers occurring in the liver cells during restoration are grouped into the following three ranges: the diploid range (36-46 chromesomes), the triploid range (59-68 chromosomes), and the tetraploid range (78-89 chromosomes).
Through the course of growth of the embryonic liver, and of restoration of the adult liver after partial extirpation, the cells of the diploid range having 36-46 chromosomes, particularly those containing 42 chromosomes, exist in the highest frequen cy. This implies that the cells of the diploid range primarily contribute to the growth of the embryonic liver, or to the restoration of the adult liver after extirpation.
The mechanism affecting the variation of the chromosome number is considered.
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